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. WHAT IS CURVATURE? FLUCTUATION

SPECTRUM?
INITIAL CONDITIONS..

. WHAT IS THE NATURE AND ORIGIN OF
DARK MATTER?

PARTICLE MODELS

. WHAT IS THE NATURE, ORIGIN, AND
EVOLUTION OF DARK ENERGY?

VACUUM ENERGY.



o

e (Observational Cosmology in the 21st
century 1s the experimental particle physics
of the last 2 decades:

GOOD NEWS: Lots of new data

BAD NEWS: observations will continue to
confirm same parameters, without pointing
where new physics 1s....

NEED THEORY!




NEED ACCELERATORS AND PARTICLE
THEORY:

COSMOLOGY GREAT FOR DISCOVERY,

...But not for much more?

DISCOVERIES ALREADY MADE?
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‘adiabatic fluctuations’, n =1

possible measure of gravity waves from
inflation?

welnberg: most any mechanism adiabatic
n=1

predictions.. small.. unambiguous?



DARK MATTER

A false-color computer reconstruction of the dark
matter mass per area in the cluster CLO024+1654,
seen in projection. This mass, over 300 million trillion
times the mass of the Earth, is responsible for the
cosmic mirage. Individual galaxies

in the cluster appear as mass pinnacles.
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Equation of State Parameter w (=pressure/energy density)

w>-1.2



r -
 Dark Energy
e Dark Matter

e Future Predictions



The only truly fundamental question in
cosmology at this pointis: Isw # -17?

The most reasonable theoretical prediction
1s w=-1, via a cosmological constant.

Tlhe most sensible alternatives predict w =

Observations suggest w =-1
Measuring w =-1 theretfore tells us nothing.

Incorporating realistic uncertainties does
not leave much room for optimism. (1.€.
supernovae)



Magnitude-redshift relation for various eq. of state
(subtracting off empty universe prediction)
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w= constant.. differences between diff. w's

redshift

UNCERTAINTIES:.:... MAG.

Canonical m uncertainty assumed 0.15/sn..



Observable for SN:

m(z,)=S5log(Hyd, (z,.Q, .Q2,))+ % +¢,

where

7 =M -5logH,, + 25

we model

w(z) = w, = constant Q. and 7

[} th

w(z)=wy(1+2)" QR w,,and 7 E
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statistical uncertainty in w approx .04-.09
for 300-3000 SN!

Is this good enough?
too good to be true?
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300 Supernovae.. 100 from z=0.03 to

Z range
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SNAP: 3000 Supernovae.. 100 from
z=0.03 to .08

Z TIdnge

N=3000 w(z)-
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We do not know z dependence of w...
therefore uncertainty larger..., and
parameter dependent!

0,=0.226+0.065z 0,,=0.226+0.065z
529,3.49 295, 1.6
'

=300, w(z)= W, (142)° N = 3000 , w(z)= W, (1+2)°



Principle Component Test:

Consider a general description of w (say, w; in 50 redshift bins at =

#» Compute the covariance matrix
for w; (assuming some SN survey)
Diagonalize the covariance matrix.
Get best, worst measured linear

combinations of w;’s.

Huterer & Starkman 2003
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Dark Energy Summary

o w=-1
* cosmology of no help
* need theory...



2. Dark Matter:
hat is the Signal for WIMPS
* excess noise 1n a detector (CDMS)

N

\
a8 - VAV,
VAV,




(Small) Annual Modulation (DAMA)

<V>+Vearth

«

<V>-v

earth



(Small) Annual Modulation (DAMA)

* flux change

* threshold effect.. R =exp (-v S )

e net effect of order 1-2% (<v> =220 km/s)
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Uncertainties:

e halo

e particle physics
Can one do better?
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ISOTHERMAL
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CJC and L. Krauss, Phys. Rev. D, 63 043507 (2001).

We consider a range of detector taking into account some of the
technical challenges being faced.

» 3D: Full three dimensional.

» 3D w/o FB: Three dimensional detector without the ability to
determine the track direction (no Forward/Backward
discrimination).

» 2D: A two dimensional detector fixed to the surface of the
Earth. Recoil tracks are projected onto the plane of the
detector.




A consistent set of parameters applied to all the deteciors.

Nuclear target: Xenon (My,. = 131 GeV)

Spin independent WIMP-Nucleon interaction.

Isothermal halo models with vg = 170 km/s, 220 km/s, and
270 km/s.

Detector threshold: 10 keV (no I]IIHHI‘I'HI'II'J}

WIMP mass: My = 100 GeV (My ~ My,.) and

Mw = 1000 GeV (Mw > Muuc)




Angular Results: Preliminary

Detector
Type
3D 6 / 11 27

3Dw/o FB | 176 152 217 | 35,000
oD:best | 19 51 | 34 97 | 61 175
worst | 45 129 | 75 217 | 123 368
Number of events required for isothermal models.

Mw = 100 GeV (1000 GeV).




Ultimate purpose of particle-astrophysics...
to determine future of the universe...

a red herring..



(2) An Uncertain Future:

We will never know if we live in the worst
possible universe!

e==) GEOMETRY # DESTINY

Vacuum Energy* violates the SEC (w=-1)!

* —
By Lorentz invariance



New Rules = No Rules.

LMK MST..no finite set of observations good enough
The Future of Particle Physics: Theory and Accel
The Future of Cosmology is Particle Theory...
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Fiz. 3.— Redshift ermor incresses the degradation in oy 88 some
equivalent additional magnituds error, which is shown on the or-
dinate. The =olid line showsa the case when the redshift error is
congtant for all SMe, whi & dashed line shows the cass when the
arror (plotted on the abe iz multipli=d by (1 +2 ). A=in Fig. 2,
the flatter pair of curves corresponds to the case when = < 0.1 SMNe
wars assumead to have & Axed redshift error of 0.001 par SM.
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that is, the redshift error is the sum of the purely sta-

tistical (random Gaussian) error per cluster o.,, and an
irreducible, systematic error ogy,. The source of the irre-
ducible error could be, for example, a systematic offset in
the photometric error determination which affects all clus-
ters in that bin equally. We assume that the irreducible
error is uncorrelated between bins. The Fisher matrix is
constructed as in Eq. (1), with O(z) = N(z,Az).
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Fiz. 4.— Degradation in the measurement accuracy of the equa-
tion of state as a function of the #rreducible redshift error per bin.
SPT and Planck curves use the mass-5¢ flux relation to compute
M in. while the DUET curve uses the mass-Xray flux relation. The
throo ln:nt.hnz:r curves show the SPT survey with fixed M ;. in units
of h— M P
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